Ten out of fifty fresh and refrigerated samples of shrimp (Litopenaeus vannamei) collected from retailers in Natal (Rio Grande do Norte, Northeastern Brazil) tested positive for Vibrio parahaemolyticus. The Kanagawa test and multiplex PCR assays were used to detect TDH and TRH hemolysins and the tdh, trh and tlh genes, respectively. All strains were Kanagawa-negative and tlh-positive. Antibiotic susceptibility testing was done for seven antibiotics by the agar diffusion technique. Five strains (50%) presented multiple antibiotic resistance to ampicillin (90%) and amikacin (60%), while two strains (20%) displayed intermediate-level resistance to amikacin. All strains were sensitive to chloramphenicol. Intermediate-level susceptibility and/or resistance to other antibiotics ranged from 10 to 90%, with emphasis on the observed growing intermediate-level resistance to ciprofloxacin. Half our isolates yielded a multiple antibiotic resistance index above 0.2 (range: 0.14-0.29), indicating a considerable risk of propagation of antibiotic resistance throughout the food chain.
INTRODUCTION
Brazilian marine shrimp farming started in the 1970s and 
Sample collection
Fresh and refrigerated whole shrimp (200 g) were collected in sterilized Beckers, labeled, accommodated in thermal boxes at 6−10ºC and submitted to microbiological analysis at the Food Microbiology Laboratory at Potiguar University (UnP) within two hours of sampling.
Vibrio identification and phenotypic profiling
Each 200-g sample was macerated in a sterilized mortar.
Then 25-g fractions were added to 225mL sterile alkaline peptone water (APW) supplemented with 1% NaCl (pH 8.6) and incubated for 24 hours at 37ºC. Following primary enrichment, aliquots were streaked onto thiosulfate citrate bile sucrose (TCBS) agar and incubated for 24 hours at 37°C (21) .
Three to five colonies of greenish-blue saccharosenegative bacteria were transferred to screening media (Kligler iron agar and lysine iron agar) and trypticase soy agar slants containing 1.0% NaCl and incubated for 24 hours at 37°C for purification. Cytochrome oxidase-positive isolates were subsequently selected for phenotypic profiling (21) .
Kanagawa test
Purified colonies of V. parahaemolyticus were seeded in 1-cm circles on Wagatsuma agar containing sheep erythrocytes (35) . Following incubation for 24 hours at 35-37ºC, the cultures were analyzed for the presence of inhibition halos indicative of thermostable direct hemolysin. A V.
parahaemolyticus K+ isolate from an outbreak in Cascavel (a town in Northeastern Brazil) was used as positive control (14) .
Susceptibility to antibiotics
Colonies were seeded on Mueller-Hinton agar on antibiotic-impregnated paper discs (5) (Cecon, São Paulo, Brazil) and incubated for 24 hours at 37ºC. The discs were impregnated with 30ug tetracycline, 30ug amikacin, 10ug ampicillin, 30ug chloramphenicol, 25ug sulfamethoxazoletrimethoprim, 5ug ciprofloxacin or 300ug nitrofurantoin.
Inhibition halos were measured with a caliper. A strain of
Escherichia coli ATCC 25922 was used as control.
Multiple antibiotic resistance index
The multiple antibiotic resistance (MAR) index is Antibiotic resistance of V. parahaemolyticus in L. vannamei calculated by dividing the number of antibiotics to which the strain is resistant by the number of antibiotics to which the strain has been exposed. A MAR index above 0.2 is defined as multiple antibiotic resistance (24) .
Hemolysin detection
The strains were submitted to multiplex PCR assay for detection of the pathogenic genes tdh (thermostable direct hemolysin gene) and trh (thermostable direct hemolysin-related hemolysin gene), followed by detection of the V. 
Selection of primers:
The nucleotide sequences and amplicon sizes of the tlh, tdh and trh-specific primers are shown in Table 1 . Table 1 . Nucleotide sequences and amplicon sizes of tlh, tdh and trh-specific primers of strains of Vibrio parahaemolyticus Few strains were isolated in our study, possibly due to the ice storage practices adopted by the sampled supermarkets.
Cryoconservation is commonly used in the fishing industry to control growth and survival of spoiling and pathogenic bacteria The strains isolated in our study were Kanagawa phenomenon-negative. Strains producing thermostable direct hemolysin are referred to as Kanagawa phenomenon-positive and can be identified by β-type hemolysis on Wagatsuma blood agar (20, 35) . Some authors believe that on the average 99% of V.
parahaemolyticus isolates from marine environments and seafoods are Kanagawa-negative, even when collected from sources associated with intoxication and infection (15, 19, 31) . Other studies have shown that Kanagawa-negative strains of V.
parahaemolyticus isolated from seafoods and marine environments can be cytotoxic or cytotonic and lethal to mice (36) (Table 2 ).
In contrast, in a study by Molitoris et al. (27) isolating V.
parahaemolyticus from seawater and various seafoods (fish, crabs and shrimps), a total of 92 different antibiotic resistance patterns were observed, 3.5% of which included ampicillin. Another study (30) , however, reported over 50% of V. parahaemolyticus strains isolated from fresh and frozen seafood to be resistant to ampicillin.
Antibiotic resistance is the acquired ability of an organism to tolerate the effect of antibiotics to which it is normally susceptible.
Antibiotic-producing bacteria are capable of transmitting naturally occurring resistance genes to other bacteria through genetic exchange, enabling them to neutralize or destroy the antibiotics with which they are challenged (9) . The proportion of isolates presenting multiple antibiotic resistance (Table 2 ) is a disquieting finding in view of the possibility of propagation of resistance factors to other microorganisms and to livestock and humans. Antibiotic resistance of V. parahaemolyticus in L. vannamei Table 2 . Antibiotic susceptibility profile of strains of Vibrio parahaemolyticus isolated from fresh and refrigerated samples of 
